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ABSTRACT
The existence of asymmetries in the circular polarization (Stokes V) profiles emerging from the
solar photosphere is known since the 1970s. These profiles require the presence of a velocity gradient
along the line of sight, possibly associated with gradients of magnetic field strength, inclination and/or
azimuth. We have focused our study on the Stokes V profiles showing extreme asymmetry in the from
of only one lobe. Using Hinode spectropolarimetric measurements we have performed a statistical
study of the properties of these profiles in the quiet sun. We show their spatial distribution, their
main physical properties, how they are related with several physical observables and their behavior
with respect to their position on the solar disk. The single lobed Stokes V profiles occupy roughly
2% of the solar surface. For the first time, we have observed their temporal evolution and have
retrieved the physical conditions of the atmospheres from which they emerged using an inversion code
implementing discontinuities of the atmospheric parameters along the line of sight. In addition, we
use synthetic Stokes profiles from 3D magnetoconvection simulations to complement the results of the
inversion. The main features of the synthetic single-lobed profiles are in general agreement with the
observed ones, lending support to the magnetic and dynamic topologies inferred from the inversion.
The combination of all these different analysis suggests that most of the single-lobed Stokes V profiles
are signals coming from magnetic flux emergence and/or submergence processes taking place in small
patches in the photospheric of the quiet sun.
Subject headings: Sun: magnetic fields — quiet sun — spectropolarimetry
1. INTRODUCTION
Stokes parameters are used to characterize the polar-
ization state of light: the Stokes I parameter tells us
about the intensity, Q and U about the linear polariza-
tion and V about the circular polarization (Rees et al.
1989; Landi Degl’Innocenti 1992; del Toro Iniesta 2003).
The variation of these parameters across a spectral line
are called Stokes profiles. When the light beam comes
from a static atmosphere, the Stokes I, Q and U profiles
are symmetric functions, and Stokes V is antisymmetric
showing two lobes of opposite signs with respect to the
central wavelength. However, the Stokes V signals com-
ing from the solar atmosphere rarely are purely antisym-
metric, i.e., the two lobes are different either in shape, in
amplitude or in area. The asymmetry of the Stokes V is
generally described in terms of the difference between the
amplitudes (or the areas) of each lobe normalized to their
sum1. The asymmetry in the Stokes V profile requires a
velocity gradients in the atmosphere where the radiation
is coming from (Illing et al. 1975; Auer & Heasley 1978;
Landolfi & Landi Degl’Innocenti 1996 among others). In
case of extreme asymmetries, one of the lobes of Stokes
V is missing. These are referred as single-lobed Stokes
V profiles. Such large asymmetries cannot be explained
with a velocity gradient alone, and require gradients of
the magnetic field vector.
In this paper we present a detailed analysis of the
single-lobed Stokes V profiles observed in the quiet sun.
Electronic address: asdalda@stanford.edu or asainz@lmsal.com
1 Therefore, the area asymmetry is in some way the net circular
polarization normalized to the total area.
These profiles show only one lobe, or two lobes with one
reduced by a very large extent. Profiles of this type were
first described by Sigwarth et al. (1999) and studied in
detail by Sigwarth (2001) and Grossmann-Doerth et al.
(2000). The former author studied the amount of blue-
only and red-only single-lobed Stokes V profiles in the
quiet sun2. Sigwarth (2001) observed a ratio of blue-
only to red only profiles of 4:1. He associated the blue-
only profiles with magnetic structures exhibiting down-
flows whereas the red-only profiles seemed to be related
to upflows. He used a large scan area, so he could not
observed the temporal evolution of these signals. There-
fore, although he proposed several scenarios, he could
not explain the phenomena behind them.
To explain the existence of Stokes V profiles with
strong asymmetry several theoretical models featuring
large gradients in velocity and magnetic field have been
suggested. If the stratification is simple enough, the blue-
only lobe in the Stokes V profile is stronger (weaker)
than the red lobe if the LOS velocity gradient as a func-
tion of depth is opposite (equal) to the magnetic field
strength gradient (Illing et al. 1975; Auer & Heasley
1978). Steiner (2000) proposed that single-lobed profiles
can be produced when the line of sight passes through
a magnetopause, i.e., a separatrix layer dividing the at-
mosphere vertically in two regions with different mag-
2 For convenience, we refer to the blue-only single-lobed Stokes
V profiles as blue-only profiles and the locations where they form
clumps as blue-only patches. Similarly, for the red-only single-lobed
Stokes V profiles we use the terms red-only profiles and red-only
patches.
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netic fields. Magnetopauses occur frequently in the solar
atmosphere. Examples are the canopies created by ex-
panding flux tubes in the network and the interfaces be-
tween different magnetic components in sunspot penum-
brae (see Grossmann-Doerth et al. 2000; Steiner 2000;
Schlichenmaier et al. 1998). Steiner (2000) suggested
that a tiny loop expanding towards the upper layers,
being smaller than the spatial resolution, could create
single-lobed Stokes V profiles if the expansion of the mag-
netic field lines in one of the footpoints of the loop is
larger than in the other. In this case, the footpoint re-
lated with the large expansion would create asymmetric
Stokes V profiles (without extreme asymmetry), while
the footpoint with normal expansion would produce sym-
metric Stokes V profiles of opposite sign. The super-
position of both profiles - as a result of limited spatial
resolution - would cancel one of the lobe and, therefore,
the observed profile would be a single-lobed Stokes V
profile(see Figure 9 in Steiner 2000). Sanchez Almeida
et al. (1996) synthesized single-lobed Stokes V profiles
under the MISMA assumption. This type of unusual
Stokes V profiles has been related with upward traveling
shocks driven by an aborted convective collapsed (Bellot
Rubio et al. 2001). They have been observed in con-
vective collapse events that take place simultaneously in
the photosphere and chromosphere (Fischer et al. 2009).
Narayan & Scharmer (2010) found that Stokes V profiles
with large amplitude asymmetries are exclusively located
at the boundary between regions with small-scale abnor-
mal granulation and much larger normal-looking gran-
ules. Recently, Viticchie´ et al. (2011) have successfully
inverted single-lobed Stokes V profiles located either in
the neutral line of opposite polarity patches or in the
very quiet sun.
The identification of the physical mechanism(s) behind
the single-lobed circular polarization profiles observed in
the quiet sun represents both an observational and a the-
oretical challenge. Here, we use all the tools at our dis-
posal to shed light on these intriguing profiles. We ana-
lyze a large number of spectropolarimetric measurements
taken by Hinode at high spatial resolution in order to de-
termine the observational properties of the profiles in a
statistically significant way (Sections 2-6) and to inves-
tigate their temporal evolution (Section 7). We also ap-
ply Stokes inversions to the data based on models with
discontinuities along the line of sight (Section 8). The
inversions successfully reproduce the observed spectra.
Finally, we search for single-lobed Stokes V profiles in
3D magnetoconvection simulations of the quiet sun and
study the magnetic and dynamic topologies associated
with them. Our combined approach allows us to draw a
general picture of this phenomenon. A complementary
analysis of single-lobed profiles in 3D magnetoconvection
simulations has been performed recently by Viticchie´ &
Vitas (2012).
2. DATA
The data used in this paper were obtained by the
Spectro-Polarimeter (SP) located in the Focal Plane
Package (FPP) of the Solar Optical Telescope (SOT,
Tsuneta et al. 2008) on board the Hinode satellite (Ko-
sugi et al. 2007). This instrument, hereafter referred to
as Hinode SOT/SP measures the four Stokes parameters
of the Fe I lines at 6301 and 6302 A˚ with spectral sam-
pling of 21.5 mA˚ . The spatial scale can be 0.15′′ or 0.30′′
for the X direction (perpendicular to the slit direction)
and 0.16′′ or 0.32′′ for the Y direction (parallel to the
slit). For the first time, these data allow to investigate
the four Stokes parameters of the single-lobed Stokes V
profiles under seeing-free conditions and with unmatched
spatial resolution.
We use 72 data sets spanning a wide range of obser-
vational conditions: exposure time (1.6, 3.2, 4.8, 8.0, 9.6
and 12.6 s); signal to noise ratio (between 500 and 1000,
calculated as the inverse of the standard deviation3, σ);
position on the solar disk (56 maps with 1.00 > µ >
0.75, 8 maps with 0.75 > µ > 0.50 and 8 maps with
0.50 > µ > 0); and spatial scale (as mentioned above).
Our data sets contain scans of large quiet sun regions and
narrower scans with typical widths of 2-10 granules, for a
variety of heliocentric distances. Table 1 in the appendix
summarizes the basic parameters of the different observ-
ing runs. All the analyzed profiles have been calibrated
using Solarsoft routines.
3. DATA ANALYSIS
To identify single-lobed profiles, we have developed a
code that checks the shape of the Stokes V spectra and
flags the ones that have only one lobe. This code was
applied to almost 5.2×107 pixels corresponding to the 72
selected observations. The code looks into the shape of
the Stokes V profiles, and takes into account the following
constraints:
- The maximum (minimum) signal must be greater
(smaller) than 4 (-4) times σ.
- At least three wavelength points must show signals
above (below) the 4σ (-4σ) threshold.
- Simultaneously, the other lobe and the minimum
(maximum) of the whole Stokes V profile must be
greater (less) than -3σ (3σ).
- In the continuum, the circular polarization signal
can never exceed ± 3σ.
If these conditions are satisfied by one of the lobes of
Fe I 6301 A˚ or 6302 A˚ then the profile is flagged as a
single-lobed profile. For Fe I 6301 A˚, the blue lobe goes
from 6301.18±0.02 A˚ (λb)4 to 6301.50 A˚ (λc), and the
red lobe from 6301.50 A˚ to 6301.82 A˚ (λr). For Fe I 6302
A˚, the blue lobe is between 6302.17 A˚ (λb) and 6302.49
A˚ (λc), while the red one goes from 6302.49 A˚ to 6302.82
A˚(λr).
In order to relate the location of the single-lobed Stokes
V profiles with physical parameters, we have extracted
several line parameters from the observed Stokes spectra:
- Stokes I map: for the slit reconstructed Stokes I
map we used 8 spectral positions on the continuum,
located between 6303.12 A˚ and 6303.27 A˚.
3 The standard deviation, σ, is calculated over 11 Stokes V maps
normalized to the intensity of the continuum from the first 11 spec-
tral positions in the continuum of the observed profile, i.e. from
6300.90 A˚ to 6301.13 A˚.
4 For clarity in the text we removed the uncertainty (±0.02) in
the measurement of the spectral line positions but it is present and
the same in all the observational data studied in this work unless
noted.
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- Stokes V map: in this case we used 36 spectral
positions located on the blue wing of the Stokes V
profiles of Fe I 6302 A˚, roughly from 6301.72 A˚ to
6302.49 A˚.
- Doppler velocities, determined through line bisec-
tors. We use the line bisector at the 70% intensity
level (the midpoint between the flanks of the line
at that intensity) minus the line core wavelength
position of the average quiet sun profile. The dif-
ference is converted into velocity and expressed in
km s−1. Thus, the zero velocity is given by the
local average quiet sun profile
- The mean circular polarization degree is calculated
as: MCPD = (
∫ λ1
λ0
|V (λ)|dλ
I(λ) )/(λ1 − λ0)
- The mean linear polarization degree is calculated
as: MLPD = (
∫ λ1
λ0
√
Q2(λ)+U2(λ)
I(λ) dλ)/(λ1 − λ0)
- The mean total polarization degree is calculated as:
MTPD = (
∫ λ1
λ0
√
Q2(λ)+U2(λ)+V 2(λ)
I(λ) dλ)/(λ1 − λ0)
The integrals are evaluated from λ0=6301.29 A˚ to
λ1=6301.71 A˚ in the case of Fe I 6301 A˚, and from
λ0=6302.27 A˚ to λ1=6302.70 A˚ for Fe I 6302 A˚. These
wavelength intervals cover all the relevant polarization
signals, avoiding the contribution of the continuum.
4. SPATIAL DISTRIBUTION OF SINGLE-LOBED
STOKES V PROFILES
In Figure 1 we show examples of blue-only and red-only
Stokes V profiles (left and right panels, respectively).
There are clear Stokes Q and U signals associated with
the blue-only profiles, indicating the existence of inclined
magnetic fields with respect to the line of sight. Further-
more, both Q and U are asymmetric profiles. For the
red-lobe profile the Stokes Q and U signals are much
smaller and appear to consist of a single lobe on the red
wing of the lines. The continuum intensities are larger
than 1 and around 1 for the blue-only and red-only pro-
files, respectively. This means that the blue-only profile
corresponds to a bright structure in the intensity map.
Let us concentrate on a small region (21′′ × 16.5′′) of
one large scan for showing the location of the blue-only
and red-only profiles. The measurements displayed in
Figure 2, were taken on September 24, 2007 at 20 h 42
min UT. The spatial sampling is 0.15′′ and 0.16′′ in X
and Y direction respectively; the exposure time is 12.8 s
and its location is the center of the solar disk (µ ∼ 1.0).
Figure 2 shows that the blue-only profiles tend to be
located in the outer part of the granules (blue contours).
In contrast, the red only profiles are mainly located in
the intergranular area (red contours).
Figures 3 and 4 show the spatial distribution of the
Stokes V profiles in an area of 9 px × 9 px (1.35′′×
1.44′′) around the yellow crosses displayed in Figure 2.
For reference, the border of granules are represented by
the black intensity contour. Figure 3 makes it clear that
there are no regular Stokes V profiles of opposite polari-
ties close to the blue-only profiles. This suggests that the
processes leading to the absence of one lobe in Stokes V
are not related to the horizontal mixing of atmospheres
with different physical conditions. In the case of red-only
profiles (Figure 4), there are some asymmetric Stokes V
signals of opposite polarity nearby, but they seem to be
related with the expansion of the granular edge in the
intergranular lane (see Section 7).
5. PHYSICAL CHARACTERIZATION OF THEIR
LOCATIONS
We have examined the location of the single-lobed pro-
files on the Stokes I and V maps, dopplergrams, and
polarization degree maps to understand the general be-
havior with respect to the intensity, velocity and mag-
netic field. In addition, we have calculated histograms
for these physical quantities. For clarity, we only show
the previously selected case, and the mean ranges for
these quantities using the full data set.
The left panel of the first row in Figure 5 shows the
Stokes I map of the studied case. We have selected 5
interesting locations marked with numbers and arrows.
At first glance, this figure tells us two interesting proper-
ties of the single-lobed Stokes V profiles: (i) The single-
lobed profiles tend to appear in small patches. The red
patches are very small and sometimes extend over one
pixel only. By contrast, the blue patches are well-defined
spatial structures, although they may look point-like too.
(ii) The majority of red-only profiles are located in in-
tergranular lanes. The blue-only profiles are very often
sited on the outer part of the granules, sometimes in
intergranular lanes, and in a few cases in the center of
granules.
The right panel in the first row of Figure 5 displays the
histogram of the intensity normalized to the quiet sun
continuum. Although the distribution is rather broad
-notice that the Y axis is displayed in logarithmic scale-
, it is clear that the blue-only profiles are more cor-
related with the brighter structures than the red-only
profiles. Except for the scans located very close to the
limb, all the other data sets show this behavior. On
average, the distribution associated with the blue-only
profiles has the maximum at 1.05± 0.05Ic and spans the
range [0.85, 1.20] ± 0.05Ic. For the red-only profiles the
maximum is located at 0.95Ic ± 0.05Ic and the range
is [0.85, 1.10] ± 0.05Ic. The ranges are very similar in
both cases, but the distribution of the red-only profiles
is always located to the left (darker) in comparison to
the blue-only profiles, as it is shown in Figure 5. Near
the limb, the ranges in intensity are similar for red-only
and blue-only profiles, and the maximum are for both
cases located at 1.00 ± 0.05Ic. Therefore, it is hard to
distinguish where these profiles are located. This is a
consequence of the low intensity contrast at the limb. In
addition, one should keep in mind that observations close
to the limb refer to higher layers of the solar atmosphere.
The dopplergram and the velocity distribution are
shown in the second row of Figure 5. Similarly to the in-
tensity distribution, the velocities associated with single-
lobed Stokes V profiles show a broad range of variation,
but there is a trend of the blue-only profiles to be asso-
ciated with upflows (negative velocities). The red-only
profiles tend to be associated with downflows (positive
velocities). On average, the maximum of the velocity dis-
tribution for the blue-only profiles is -0.8 km s−1, within
the range [-2,+1] km s−1. For the red-only profiles the
maximum is 0.8 km s−1, with values ranging from -1 to
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Fig. 1.— Stokes profiles emerging for the locations marked with the yellow crosses in the left panel of Figure 2. The horizontal lines
display the thresholds used by the code to identify the single-lobed Stokes V profiles, i.e., ±3σ and ±4σ. The four left panels (clockwise
starting from top left: Stokes I, Q, V, and U) correspond to a case of blue-only profile and the four right panels correspond to a case of
red-only profile. The dots represent the best fit profiles found by the inversion code SIRJUMP (see section 8).
+
+
Fig. 2.— Left: Stokes I map shown in grey scale (part of the observation taken on September, 24 2007) with the blue-only and red-only
profile locations indicated with the respective contours. The yellow crosses pointed by yellow arrows mark the positions of the pixels whose
Stokes V profiles are shown in Figure 3 and 4. Right: Stokes V map.
+2 km s−1. Therefore, their velocities are roughly shifted
+1 km s−1 with respect to those of the blue-only profiles.
For the single-lobed Stokes V profiles closer to the limb
the ranges are [-2,+3] km s−1 and [-2,+2] km s−1 for
the blue-only and red-only profiles, respectively. These
results are in disagreement with Sigwarth (2001): On av-
erage, he associated both the blue-only and red-only pro-
files with downflows, although the former had stronger
downflows than the latter.
Now we describe the five locations marked in Figure 5
that we consider interesting to analyze in more detail.
Locations #1 and #2 are two examples of large size
patches. The first extends almost over the whole granule,
while the second covers the outer part of two granules and
the intergranular lanes. Location #1 sits in an upflow re-
gion (dark areas in the dopplergram shown in Figure 5);
the lower part of location #2 is also in an upflow region,
but most part of it is in a transition region with velocities
close to zero (grey color in the dopplergram). Location
#3 is just over the outer part of the granule with a high
intensity and large upflows.
In the same figure, the locations #4 and #5 show red-
only profiles. The former is located in an intergranular
lane, with strong downflows (bright areas in the doppler-
gram). Location #5 is a structure nearly 2′′× 2′′ in size.
It is over a transition region in the middle of two gran-
ules. It is not so well-defined as an intergranular region
in the intensity map, but it is more evident in the dopp-
lergram. In the dopplergram, this region is correlated
with a narrow bright (downflow) intergranular lane and
with the grey areas of the outer part of the neighboring
granules.
Looking at the mean polarization degree maps we find
other interesting properties of the single-lobed Stokes V
profiles. The third and the fourth row of Figure 5 re-
spectively show the MCPD and MLPD maps (left) and
their distributions (right). Single-lobed profiles tend to
be located at the periphery of magnetic flux concentra-
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Fig. 3.— Stokes V profiles shown for each pixel around the yellow
cross located at the position (4,8) of Figure 2. The horizontal lines
mark ±3σ (dot-dot-dot-dashed lines) and ±4σ (dot-dashed lines)
levels. The vertical dashed lines indicate the nominal position of
the core of the Fe I 6301 A˚ and 6302 A˚ lines. The contours indicate
the visible edge of the granule. This region corresponds to an area
with blue-only profiles.
Fig. 4.— Same as Figure 3, for the Stokes V profiles around the
yellow cross located at (18,5) in Figure 2. This region corresponds
to an area with red-only profiles.
tions showing strong linear and/or circular polarization
signals. This fact can be seen at locations #1, #2 and
#3, where the contours are surrounded by strong mag-
netic components. These locations are close to magnetic
structures but not exactly on them. The locations #4
and #5 are partially over magnetic structures with weak
signals in the polarization degree maps. This is the most
common behavior for the single-lobed Stokes V profiles,
as it can be seen in the distributions of the polarization
degree shown in Figure 5. The mean circular polariza-
tion degree histogram follows a linear power law of index
−2.48 in the range [0.0008,0.04]. However, for the blue-
only and red-only profiles the mean circular polarization
degree histogram follows a sharper linear power law of
index −6.02 and −6.49 for blue-only and red-only pro-
files, respectively, both in the range [0.0015,0.005]. The
mean linear polarization degree histogram follows a lin-
ear power law of index −8.16 in the range [0.0015,0.005].
In a similar manner, the mean linear polarization his-
togram for red-only and blue-only profiles follows a power
law of index −8.15 and −7.33 respectively, in the range of
[0.0015,0.003]. Both the blue-only and the red-only pro-
files are related with modest values of the longitudinal
component and with the weaker transversal field compo-
nents. In summary, the single-lobed Stokes V profiles are
either close to strong magnetic structures -but not inside
them- or over weak structures with both components of
the magnetic field.
The locations of the single-lobed Stokes V profiles do
not show a preference with the polarization sign of struc-
tures, i.e., these profiles appear with the same probability
near positive and negative magnetic fields (see Stokes V
map in the left panel in Figure 2).
If we look in a larger area, as the one shown in Fig-
ure 6, we can see how the single-lobed Stokes V pro-
files are around abnormal granulation areas (as region
#1 and #4) but also in normal granulation regions (as
region #2 and #3). This observation contradicts the re-
sults obtained by Narayan & Scharmer (2010). Indeed,
the single-lobed Stokes V profiles are in the borders of
the network patches -usually showing abnormal granula-
tion pattern in continuum images- but never inside them.
In addition, the single-lobed Stokes V profiles are also
present in the internetwork, where the granulation has
normal properties.
Figures 7 and 8 show the MCPD and MLPD for the
same area as in Figure 6. The large patches with strong
signal form the network. The single-lobed Stokes V pro-
files are never located inside these patches. Rather, they
surround the network and internetwork elements. The
arrows mark the locations of several single-lobed Stokes
V profiles showing both circular and linear polarization
signals, i.e., where the magnetic field is inclined. Figure 9
shows the MCPD and MLPD maps in an area of roughly
5′′ × 5′′ around the selected positions mark with arrows
in Figures 7 and 8. As one can see, location #1 and #2
are in small patches with linear polarization signal and
surrounded by network patches with strong circular po-
larization. Location #3 corresponds to an internetwork
patch with strong linear polarization signal surrounded
by small patches with weak circular polarization.
6. CENTER-TO-LIMB VARIATION
As mentioned above, we have examined 72 observing
runs to search for single-lobed Stokes V profiles. Here,
we present the behavior of these profiles with respect to
their location on the solar disk. In Table 1 we summa-
rize the statistical properties of the profiles. The last 4
columns of the table give the following parameters: the
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Blue−only Stokes V profiles
All points
Red−only Sokes V profiles
Blue−only single−lobed Stokes V profiles
All points
Red−only single−lobed Sokes V profiles
1
3 5
4
2
Blue−only single−lobed Stokes V profiles
All points
Red−only single−lobed Sokes V profiles
1
3 5
4
2
Blue−only Stokes V profiles
All points
Red−only Sokes V profiles
1
3 5
4
2
1
3 5
4
2
Fig. 5.— Left column, from top to bottom: spatial distribution of single-lobed Stokes V profiles over-plotted on the intensity, Doppler
shift, MCPD and MLPD maps shown in grey scale. The right columns show the corresponding histograms for the whole scan.
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1
4
3
2
Fig. 6.— Intensity map showing the spatial distribution of single-lobed Stokes V profiles in quiet sun at the disk center. In the selected
areas #1 and #4 these profiles are located around abnormal granulation patterns because of the presence of the network. The single-lobed
Stokes V profile can also be seen in normal granulation, as in regions #2 and #3.
2
3
1
Fig. 7.— MCPD map of the network and internetwork regions shown in Figure 6, with blue-only and red-only profiles in blue and red,
respectively. The arrows mark locations where the blue-only and red-only profiles are either totally or partially located on structures with
moderate strength of the longitudinal polarization signal.
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2
3
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Fig. 8.— MLPD map (grey scale) of the same area shown in Figure 6, where we over-plotted the blue-only and red-only profiles in
blue and red contours. In this figure we selected several locations (again marked by arrows here) with significant longitudinal polarization
signal. These places have also an large linear polarization signal.
Fig. 9.— Top: MCPD zoomed maps of the selected positions in
Figure 7. Bottom: the same zoomed areas for the MLPD displayed
in Figure 8. The three blue-only patches located in the center of
the images have associated transversal polarization signal. The
cases #1 and #3 are surrounded by structures with longitudinal
component of the vector magnetic field. The case #2 has simulta-
neously both components of B. The thresholds for the MCPD and
MLPD maps are respectively 5× 10−3 and 3× 10−3.
signal to noise ratio (S/N); the percentage of blue-only
profiles among the Stokes V profiles with absolute signal
greater than 4σ5; the percentage of the red-only profiles,
and the ratio between the blue-only and red-only profiles
5 For simplicity, in the displayed panels in this paper we use
the term ‘Blue’ as reference to the blue-only profiles, and ‘Red’ as
reference of the red-only profiles. Likewise, in Table 1 we refer to
them as ‘B’ and ‘R’ respectively.
(annotated as B/R).
We have plotted the number of occurrences of the blue-
only and red-only profiles taking into account their loca-
tion on the solar disk and exposure times in Figure 10.
The color of the points codes the exposure time. Some-
times, there is overlap between data points. For instance,
at (1.0,1.6) there is a red point (12.8 s) that overlaps a
pink point (9.6 s). The fraction of blue-only profiles in
the disk-center is roughly 4%. The plot shows that the
fraction of blue-only profiles decreases as the observation
is made closer to the limb (roughly 1.6% near the limb).
There is a decreasing trend in the fraction for the points
of the same color as they are located closer to the limb
(left side of the plot). This fact does not depend on the
exposure time, i.e., the number of blue-only profile de-
creases in the full range of circular polarization signal,
not only in the stronger ones (observed in the center of
the solar disk with short exposure time), but also in the
weaker ones (observed in the limb with longer exposure
time).
In contrast, the fraction of red-only profiles remains
fairly constant for different positions on the solar disk
(roughly 2%). There is a slight increase of the green
points, i.e., from 1.3% in the disk-center to 3.2% at
µ ≈ 0.46 (corresponding to observations with exposure
time of 1.6 s). If we pay attention to the other colored
points, the overall impression is that the variation with
the heliocentric distance of the number of occurrence is
nearly constant.
The ratio of blue-only to red-only profiles is shown in
Figure 12. This quantity drops from about 2-4 near
the disk center to 0.5 as the limb is approached. This
strong variation is mainly due to the strong reduction
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Fig. 10.— Fractional number of the occurrences of blue-only
profiles with respect to pixels that have a Stokes-V signal greater
than 4σ and their location on the solar disk. The vertical dashed
line delimits the population I (right) and II (left) (see Appendix).
The color code stands the exposure time of the observations (see the
legend in the plot). Both observations and numerical simulations
(diamonds) show a decreasing of blue-only profiles as closer they
are to the limb (smaller µ).
Fig. 11.— Number of the occurrences of red-only profiles, fol-
lowing the same symbols as Figure 10.
of the number of blue-only profiles toward the limb, not
to changes in the red-only profiles which remain more or
less constant.
We have calculated the area occupied by the single-
lobed Stokes V profiles as the number of these profiles
with respect the total number in every single map. In the
region close to the center of the solar disk, say µ < 0.95,
the blue-only profiles occupy 1% and the red-only pro-
files 0.4% of the solar surface. These values change as
shown in Figure 12, where we see that the area occupied
by them is 0.9% and 0.7% at 0.95 < µ < 0.5, and 0.5%
and 0.8% at µ < 0.5 for the blue-only and red-only pro-
files respectively. Therefore, on average, the single-lobed
Stokes V profiles occupy less than 2% of the solar surface.
7. TEMPORAL EVOLUTION
Fig. 12.— Ratio between the number of occurrences of blue-only
and and red-only profiles as a function of the heliocentric angle.
The symbols are the same as in Figures. 10 and 11.
Fig. 13.— Top: Example of temporal evolution of blue-only
profiles. (from left to right and from top to bottom). Bottom:
The most intense blue-only profiles is displayed in blue, while the
black line profiles correspond to the location marked with blue
light cross before the appearance and after the disappearance of
the blue patch. The dashed horizontal lines represent ±5×10−3Ic
and ±7 × 10−3Ic respectively (i.e., ±3σ and ±4σ). The vertical
dashed lines mark the central position of Fe I 6301 A˚ and 6302 A˚.
We have chosen a raster scan of a quiet sun area to
show how the patches of single-lobed Stokes V profiles
evolve in time. The observation was taken on September,
26 2007 at 10:45 UT, with a spatial sampling of 0.15′′ and
0.16′′ in X and Y direction, a spectral sampling of 21 mA˚
and an exposure time of 1.6 s. The scan covered an area
about 2.7” wide at a cadence of 35 s. Figure 13 shows
the temporal evolution of a small area during 8.2 minutes
(14 consecutive raster scans).
The temporal evolution of a granule is well centered in
the FOV. Although we are interested in the evolution of
the blue-only profiles that appear in the second and the
third panels, we show some previous and later instants
for this small area, too. The blue light crosses mark
the positions where the blue-only profiles could be before
and after they are observed. The third image of the top
row of Figure 13 shows that the blue patch appears at
the right part the granule, becoming larger and larger in
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the next images. Then, it splits in smaller patches, but
with the blue-only profiles keeping always concentrated
in the right part of the granule. Finally, the blue patch
disappears in a large-sized intergranular lane.
The bottom panel of Figure 13 shows the temporal
evolution of the observed circular polarization signals.
The profiles displayed in blue are the stronger blue-only
profiles in the blue patch, while the ones in black are
the profiles corresponding to the manually selected posi-
tions (blue light crosses in the top panel of Figure 13).
As in previous plots, the horizontal dashed lines mark
±3σ and ±4σ, that roughly correspond to ±5 × 10−3Ic
and ±7 × 10−3Ic respectively. The vertical dashed lines
mark the center of the Fe I 6301 A˚ and 6302 A˚ spectral
lines. The single-lobed Stokes V profiles appear after the
granule is formed, and the strength of the signal and size
of the patch increases with time until the granule starts
to disappear. From the available time-series, before of
the images shown in the plot, the profiles in this area
are noisy and start to show a single lobe (similar to the
first profile displayed in Figure 13). At these instants,
note that the Stokes V signal of Fe I 6301 A˚ is negligible.
Later, this weak signal increases until the first proper
blue-only profile appears. At the end, the Stokes V pro-
files are weak but show regular shapes with two opposite
sign. These signals persist during several minutes after
the disappearance of the single-lobed profiles, as can be
seen in Figure 13.
To better illustrate this, Figures 14 and 15 show the
spatial distribution of the Stokes V profiles in the first
and last images of the sequence respectively (Figure 13).
At positions (4,4) and (5,4) of Figure 14, we can see very
tiny single-lobed Stokes V profiles and, in their surround-
ings, at (2,2) and (3,2), a few asymmetric profiles with
very small signal, or noisy profiles. In Figure 15, around
position (4,4), there are also a few profiles with strong
asymmetry, although they are not single-lobed profiles.
For all the time series of this example no linear polar-
ization signal is detected. Similar behavior has been ob-
served in other scans in the sense of the evolution of the
blue-only profile amplitude and the size of the blue-only
patch. The disappearance of the blue-only profile and
any signal in Stokes V evolve together with the granule,
i.e., both structures, the granule and the Stokes V signal
decrease and collapse.
The evolution shown in Figure 13 suggest a failure of
emergence of a tiny magnetic structure which at the end
of its life is submerging with the disappearance of the
granule.
The size of the red-only patches is of the order of the
spatial resolution of Hinode, and their lifetime (few min-
utes) is considerable shorter than of the blue-only pro-
files. Figure 16 shows an example of evolution of red-only
profiles. They were observed on September, 26 2007 at
08:15 UT. The red patches are mainly located in the in-
tergranular lane, a very changing and dynamic region.
The amplitude in Stokes V varies in small spatial scales
along the intergranular lane. There are three steps be-
fore and after (detection) of the red patch. At the begin-
ning, it is located inside of an irregular-shaped intergan-
ular lane, becoming well-defined shape as the granules
around appear. The patch size seems to be constrained
to the size of the intergranular lane. In the bottom of
Fig. 14.— Spatial distribution of the Stokes V profiles around
the blue light cross of the first image of the first row of Figure 13.
The profile corresponding to this position is enclosed in the blue
light frame. The dashed lines correspond to ±5×10−3Ic and ±7×
10−3Ic (i.e., ±3σ and ±4σ). The overlapped black line displays
the intensity contour of the granule.
Fig. 15.— Similar to Figure 14, but for the position marked with
a blue light cross in the last image of the second row of Figure 13.
This position is located in a large intergranuliar lane, far away of
the granule border.
Figure 16 is plotted the evolution of the profiles. The
ones in black correspond to instants before and after the
code detects the presence of only one lobe. The profile
evolution starts with a small single-lobed Stokes V pro-
files - below ±3σ level - increasing the signal as the patch
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Fig. 16.— Top: example of temporal evolution of red-only pro-
files. (from left to right and from top to bottom). The lapse be-
tween images is 35 s. Three steps before and after of the detected
red-only profiles are shown and marked with red crosses. Bottom:
in black, the Stokes V profiles corresponding to the red crosses. In
red, the red-only profiles.
is becoming larger. The amplitude of the single lobe
profile increase with the size of the red patch. When it
reaches the largest size, it occupies roughly half of the in-
tergranular lane (3rd image in the 2nd row of Figure 16).
Afterwards, it decreases in area and amplitude until the
single lobe has small signal and the code does not detect
it. For a large period of time, there are regular Stokes V
profiles next to the weak single lobed profile.
Figures 17 and 18 show the spatial distribution of the
Stokes V profiles around the positions marked by the
first and last red cross of Figure 16. The profiles show
in Figure 16 are located at [4,4] in the two cases. At
the beginning of the evolution (see Figure 17) there is
an area located in the left upper part of the panel where
the profiles have rather symmetric Stokes V profiles. In
this region, the intensity images (see top panel of Fig-
ure 16) show an emergence or rise of a small granule
(left top to the cross) and expansion of the big granule
(left to the cross). However, in the region where the red
patch will appear, there are some small red-only pro-
files, that becomes red-only profiles (i.e., detected by the
code) three images later. Similarly, at the final stage of
the evolution (see Figure 18), there are some symmet-
ric Stokes V profile to the right of the selected profile.
These symmetric profiles become stronger with time as
the granule occupy the intergranular lane, while the sig-
Fig. 17.— Spatial distribution of the Stokes V profiles around
the red cross of the first image of the first row of Figure 16. The
profile corresponding to this position is enclosed in the red frame.
The dashed lines correspond to ±5×10−3Ic and ±7×10−3Ic (i.e.,
±3σ and ±4σ). The overlapped black line displays the intensity
contour of the granule.
nal of the red-only profiles (and the profiles located to the
left) drops below 3σ. The red-only profiles do not show
significant linear polarization signal during their evolu-
tion. Very weak linear signals can however be seen in
the surrounding pixels with symmetric Stokes V profiles,
as mentioned. In summary, the red-only profiles are well
located in the intergranular lane during their life, even
when they are surrounded by symmetric Stokes V pro-
files. Some red-only profiles can possibly appear in the
outer part of granules. In this case they do in very small,
isolated patches. We have verified that these red isolated
patches are related with locations where there were big-
ger red patches previously, and they have eventually been
occupied by the expanding outer part of the granule.
8. INVERSIONS
We have used the SIRJUMP code to invert the ob-
served Stokes profiles. Based on SIRGAUSS (Bellot Ru-
bio 2003), this code can handle discontinuities or jumps
in all the atmospheric parameters or some of them. The
discontinuities are located at the same optical depth for
the selected parameters. Initially, the amplitudes of the
jumps are provided by the user, and then modified by
the code until the differences between the observed and
synthetic profiles are minimized. Examples of the appli-
cation of this code to Hinode spectropolarimetric mea-
surements can be found in Louis et al. (2009).
In this paper, we show that one-component model at-
mospheres with discontinuities of |B| and the line-of-
sight velocity (vLOS) can explain the observed blue-only
and red-only profiles. To that end, we have inverted
the profiles displayed in Figure 1 using a fixed magnetic
filling factor of 1, i.e., assuming that the whole pixel is
occupied by the same atmosphere showing discontinuous
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Fig. 18.— Similar to Figure 17, but for the last position in
Figure 16.
stratifications. These profiles come from the two posi-
tions marked with yellow crosses in Figure 2. The col-
ored dotted line in Figure 1 displays the best-fit profiles
returned by SIRJUMP. Figures 19 and 20 show the tem-
perature, vLOS , the strength and the inclination of the
magnetic field that the inversion code gave as solution.
For simplicity, we only show here the observed and best
fit Stokes I and V, although the inversion was done tak-
ing into account the four Stokes parameters as one can
see in Figure 1. The vertical dashed lines delimit the
region −2 < log(τ) < 0, where Fe I 6301 A˚ and 6302 A˚
are more sensitive to perturbations of the atmospheric
parameters (Ruiz Cobo & del Toro Iniesta 1992, 1994).
For the blue-only profiles (Figure 19) we retrieve a
sharp discontinuity around log(τ) = −0.7. Below the
discontinuity, the magnetic field has a strength of some
270 G and is rather inclined, making 120◦ to the verti-
cal. In the same layers, we observe upflows of 2.5 km
s−1. Above the discontinuity, both the magnetic field
strength and the LOS velocity are reduced significantly,
down to 150 G and 0 km s−1. With an inclination of
89◦, the magnetic field becomes more horizontal and even
changes polarity. The configuration deduced from the
inversion of the full Stokes vector showing blue-only pro-
files corresponds to a relatively weak magnetic field which
is ascending in the deep layers toward a nearly field-free
region at rest in higher layers.
For the red-only profile shown in Figure 20, the varia-
tion of these physical magnitudes occurs basically in the
region −1.2 < log(τ) < −0.8. In this region, the velocity
changes by 1.9 km s−1 and the strength and inclination
of the vector field by roughly 95 G and 31◦, respectively.
In other words, in the lower part of the atmosphere there
exists a magnetized atmosphere with a strong downflow,
while in the upper part the atmosphere contains unmag-
netized plasma flowing upwards.
The good fits provided by SIRJUMP demonstrate that
Fig. 19.— SIRJUMP inversion of blue-only profiles. Top: ob-
served and best-fit Stokes I and V profiles (solid line and blue dot-
ted line, respectively). The observed profiles are those displayed
in Figure 2 (the four Stokes profiles are shown in Figure 1). Mid
and bottom: temperature, velocity, magnetic field strength and
inclination retrieved from the inversion. Negative velocities indi-
cate upflows. As can be seen, all the atmospheric parameters show
discontinuous stratifications within the line formation region.
the single lobed Stokes V profiles can be explained with
discontinuities in some atmospheric parameters. Both
inversions show a stronger magnetic field in the lower
layers than in the higher layers and rather inclined field
lines in the lower part of the atmosphere. Note that
the strong field is emerging (submerging) for the blue-
only profile (red-only profile). This suggests that some
of these profiles might be related to the local evolution
of the magnetic field within the granule.
9. NUMERICAL SIMULATION
To gain a better understanding of the physical mecha-
nisms behind the single-lobed Stokes V profiles and com-
plement the inversions, we synthesized Stokes profiles in
Fe I 6301 A˚ and 6302 A˚ from realistic 3D radiative MHD
simulations of flux emergence. The simulations were run
with the Bifrost code, which solves the MHD equations
with radiative transfer and conduction along the mag-
netic field (Gudiksen et al. 2011). The synthetic profiles
were calculated a posteriori using the SIR code and the
modeled atmospheres resulting from the simulation.
The computational domain stretches from the upper
convection zone (1.4 Mm below the photosphere) to the
lower corona. We use a non-uniform grid of 512× 256×
325 points spanning 16 × 8 × 16 Mm3, which implies a
horizontal grid spacing of 32 km. The frame of reference
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Fig. 20.— Same as Figure 19, for the red-only profiledisplayed
in Figure 2.
for the model is chosen so that x and y are the horizontal
directions. The grid is non-uniform in the z-direction
to ensure that the vertical resolution is good enough to
resolve the photosphere and the transition region with a
grid spacing of 28 km, while becoming larger at coronal
heights where gradients are smaller.
The initial model is seeded with magnetic field, which
rapidly receives sufficient stress from photospheric mo-
tions to maintain coronal temperatures (T > 500 000 K)
in the upper part of the computational domain, as first
accomplished by Gudiksen & Nordlund (2004). In the
photosphere, the unsigned initial magnetic field has a
strength of 160 G and is distributed in two “bands” of
vertical field centered around roughly x = 7 Mm and
x = 13 Mm. As a result, the magnetic field lines expand
into the corona forming loops oriented roughly along the
x-axis.
To simulate the emergence of magnetic flux, we intro-
duced a non-twisted flux tube into and through the lower
boundary of the model. Specifically, horizontal fields of
strength 103 G were injected in a band of 1.5 Mm wide
parallel to the y-axis and centered at x = 8 Mm through
the bottom boundary, 1.4 Mm below the photosphere
(for details, see the simulation labeled B1 in Mart´ınez-
Sykora et al. 2009). Hence, the injected magnetic field
is nearly perpendicular to the orientation of the pre-
existing ambient field outlined by the coronal loops. This
configuration is meant to provide a rough representation
of actual conditions in the quiet sun, where flux is emerg-
ing continually into a preexisting magnetic field.
To compute synthetic Stokes profiles we considered
Fig. 21.— Synthetic intensity map is shown at the photosphere in
grey scale. Blue-only and red-only profiles locations are overplotted
with blue and red patches respectively.
each column of the simulation as an independent one-
dimensional atmosphere. The physical parameters were
interpolated to an evenly-spaced logarithmic optical
depth grid with stepsize d log τ = 0.03. To identify
single-lobed Stokes V profiles we applied the code de-
scribed in section 3 to the synthetic profiles with σ =
8× 10−4Ic. We did not degrade the synthetic profiles to
the spatial or temporal resolution of Hinode. However,
the profiles were convolved with the spectral PSF and
resampled to the Hinode wavelength scale. We have also
synthesized the Stokes profiles for different µ values: 1.0,
0.9, 0.8, 0.7, 0.6, 0.4 and 0.2. That is, we have considered
rays passing through the simulated models with an incli-
nation to the vertical of roughly 0◦, 26◦, 37◦, 46◦, 53◦
and 78◦.
The simulation shows many examples of blue-only and
red-only profiles (see blue and red patches in Figure 21).
In agreement with the observations, the red-only pro-
files are mostly located in the intergranular lanes and
the blue-only profiles are mostly centered in the outer
part of the granules, although the patches are slightly
smaller than the observed ones.
The fraction of single-lobed profiles as a function of he-
liocentric angle is presented in Figures 10, 11 and 12 with
black diamonds. As can be seen, the red-only and blue-
only profiles are slightly less frequent than in the observa-
tions. This could be due to several reasons: i) we did not
degrade the profiles to the Hinode spatial and temporal
resolution; ii) the vertical spatial resolution of the model
may be not good enough to produce sharp jumps in the
photosphere; iii) the magnetic field configuration might
be too simplistic; iv) the amount of magnetic flux emer-
gence in the box is probably different from that occurring
in the quiet sun. However, the ratio of the blue-only to
the red-only profiles seems to agree with the observations
(Figure 12). Moreover, the trend of the number of the
occurrences of blue-only profiles with µ is very similar
to the observations (Figure 10). For the red-only pro-
files, the number of occurrences increases with µ, and for
µ < 0.6 it remains almost constant (Figure 11).
In the simulations, we see that many different strati-
fications produce single-lobed Stokes V spectra. These
stratifications are often complex because of the chaotic
structure of the magnetic field in the photosphere. How-
ever, most of them can be categorized in two broad
classes which show discontinuities or strong variations
of the physical parameters with height. The first group
includes atmospheres where the magnetic field is mostly
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concentrated in the deep layers. The second group is that
of canopy-like structures, i.e., a magnetized region on top
of a nearly-field free plasma. Hereafter we will call them
“deep-field” and “high-field” configurations, respectively.
An example of the typical deep-field configuration for
blue-only profiles is given in Figure 22. At the location
of the selected profile, the atmosphere exhibits a discon-
tinuity with a rather large jump in the magnetic field
strength similar to that obtained from the inversions.
The field in deep layers is much stronger than the ambi-
ent field above (∼300 G vs ∼30 G). The velocity shows
a strong gradient instead of a jump, with large upflows
in the deep layers and nearly zero velocities in the high
layers. The magnetic field inclination varies only slightly.
This configuration, which is very similar to that inferred
from the inversion, is produced by a small-size magnetic
Ω loop emerging at the edge of a granule. The magnetic
topology around the location of the blue-only profile is
shown in the bottom panel of Figure 22. As can be seen,
the magnetic field in deep layers is stronger (purple in
the figure) than the ambient field above (yellowish) and
exhibits upflows. The Ω-loop is strongly bent at the pho-
tosphere and only one of its footpoints is located inside
the granule. As is usually the case, this blue-only profile
is located at the edge of the granule but not yet in the
intergranular lane. It lasts for about 11 minutes.
Blue-only profiles can also be produced by high-field
(canopy-like) configurations with upflows in the deep lay-
ers. In the example of Figure 23, the lower part of the
photosphere has nearly zero magnetic fields (∼80 G) and
strong upward velocities (∼-3 km s−1). Higher layers
show stronger fields (∼160 G) and nearly zero velocities
(∼-0.5 km s−1). Only the magnetic field strength and
inclination show abrupt jumps. The velocity also varies
quite strongly with depth, but in a more linear fash-
ion. Note that the gradient of magnetic field strength
and cosine of the field inclination have opposite signs.
In this case, it is the variation of the inclination that
determines the sign of the area asymmetry (i.e., the sup-
pression of the Stokes V red lobe), because the magnetic
field is nearly horizontal. In fact, most of the high-field
configurations for the blue-only profiles show this type
of stratification. Interestingly, the field strength attains
a minimum in the mid-photosphere, which suggests an
interaction between two flux systems— possibly a re-
connection process. As can be seen in the 3D view at
the bottom of Figure 23, the group of field lines in the
lower part of the volume has the shape of a small Ω-loop.
The stronger magnetic field above is connected to other
magnetic structures further away. Looking at the time
evolution we observe that the upper field lines emerge
and expand into the chromosphere. The duration of this
profile is also 11 minutes.
In the simulations, ∼85% of the observed blue-only
profiles are due to deep-field configurations associated
with magnetic flux emergence at the border of granules.
About 65% of the blue-only profiles show a discontinuous
magnetic field strength stratification like in Figure 22,
while ∼20% exhibit a strong field strength gradient in-
stead of a pure discontinuity. The jump of the different
parameters is mostly located deep in the photosphere,
inside the optical depth range −1 < log(τ) < 0. A ve-
locity gradient of the type shown in Figure 22 is present
in most of the blue-only profiles (∼95%).
Fig. 22.— Blue-only profile observed in the simulation at
[x, y] = [12.6, 0.2] arcsec and the associated deep-field configura-
tion producing it. The layout of the three first rows is the same
as in Figure 19. The synthetic spectra have been convolved with
the spectral PSF of Hinode and sampled with a wavelength step
of 21.5 mA˚. The horizontal dashed lines in the top-right panel are
drawn at the ±3σ and ±4σ levels. The bottom panel displays a 3D
view of the MHD model. The magnetic field is shown with vectors
where the color scheme represents the magnetic field strength. The
background image in grey is a continuum intensity map. The red
box indicates the optical depth range −2 < log(τ) < 0 for the pixel
showing the blue-only Stokes V profile. The blue and red patches
mark the location of red-only and blue-only profiles.
Another ∼10% of the blue-only profiles are associated
with high-field, canopy-like configurations similar to that
shown in Figure 23 (note the complexity of the magnetic
field). The vast majority (99%) of the high-field con-
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Fig. 23.— Example of a blue-only profile produced by a high-
field (canopy-like) configuration at [x, y] = [4.9, 7.7] arcsec. The
different panels are arranged as in Figure 22.
figuration exhibits a discontinuity in the magnetic field
strength. These discontinuities are usually located above
log(τ) = −1.
Finally, the remaining 5% of blue-only profiles are the
result of complex atmospheric stratifications which do
not fit in these two classes. Irrespective of their origin,
all the blue-only profiles show large upflows in deep pho-
tospheric layers and nearly zero velocities higher up.
We find that also the red-only profiles are produced
by deep-field and high field configurations, this time as-
sociated with downflows. The most common source of
red-only profiles is the deep-field configuration, a typical
Fig. 24.— Example of a red-only profile arising from a deep-
field configuration at the location [x, y] = [5.5, 1.1] arcsec. The
arrangement of the panels is as in Figure 22.
example is shown in Figure 24. This atmosphere exhibits
a discontinuity in magnetic field, which is much stronger
in deep layers (∼400 G vs 100 G). The velocity shows
a strong gradient with large downflows in the deep lay-
ers (∼5 km s−1 vs 0.5 km s−1). The field inclination
has a small jump from slightly inclined field in the lower
layers to horizontal field in the higher layers. This config-
uration is in agreement with the stratification obtained
from the inversion of the red-only profiles of Figure 1.
The rather strong and deep magnetic field is confined
along the intergranular lane almost parallel to the pho-
tosphere as shown in Figure 24. These lines end into the
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photosphere as an Ω-loop. Above them, another set of
field lines, also following the path of the intergranular
lane, have weaker magnetic strength and are connected
to a different place in the photosphere. The deep mag-
netic field is submerging into the intergranular lane. The
duration of this red-only profile is roughly 12 minutes.
Fig. 25.— Red-only profile due to a high-field configuration at
[x, y] = [1.9, 6.7] arcsec. The arrangement of the panels is as in
Fig 22.
An example of a high-field configuration leading to red-
only profiles is displayed in Figure 25. For these pro-
files to appear it is necessary that the deep photosphere
has weaker magnetic field and stronger upward velocities
than the high photosphere (∼ 5 G vs 80 G and ∼ -3.5 vs
-0.4 km s−1, respectively). The magnetic field strength
and inclination show a rather strong jump, while the LOS
velocity exhibit a steep gradient. This configuration is
a clear example of a canopy atmosphere. Note that this
particular red-only profile is located inside the granule as
shown in the 3D image in the bottom panel of Figure 25.
The group of field lines located in the lower photosphere
has the shape of a tiny Ω-loop. These tiny loops show a
strong turn over at the height where the strong magnetic
fields are located higher up. The lifetime of this profile
is roughly four minutes, because the “canopy” appears
only during the splitting in two parts.
In summary, in the simulation most of the red-only
profiles (82%) are associated with magnetic fields that
are submerging (as the example shown in Figure 24).
About ∼70% of them have a discontinuity in the mag-
netic field strength and ∼15% show a smooth decrease of
the magnetic field strength with height. Sometimes, the
field strength reaches a minimum in between the ambient
and the submerging field, which suggests an interaction
between the two flux systems, possibly a reconnection
process (20% of the cases). About ∼15% of the red-only
profiles are produced by a high-field configuration such
as that of the Figure 25. Finally, the remaining 2% of
red-only profiles are the result of complex atmospheric
stratifications which do not fit in these two classes.
Thus, the stratifications that lead to single-lobed
Stokes V profiles in the simulations support the main
conclusion derived from the inversion, namely that jumps
in the physical parameters along the line of sight can ex-
plain the existence of single lobed profiles. This is not the
only mechanism capable of producing such anomalous
signals, since other types of stratifications also generate
circular polarization profiles with only one lobe, but it is
the most common as observed in the simulations.
From the many stratifications producing the single-
lobed profiles in the simulations, when the stratification
is simple enough, we note that if the variation of the ve-
locity with height is opposite (equal) to the variation of
the magnetic field strength with height, the single-lobed
Stokes V is blue-only (red-only) in accordance with the
rules deduced by Solanki & Pahlke (1988) and Steiner
(1999). This is not the case for the example of Figure 23
because in that case the important parameter is the gra-
dient of the cosine of the magnetic field inclination.
10. SUMMARY
Using Hinode spectropolarimetric measurements, we
have performed an in-depth characterization of the cir-
cular polarization profiles with only one lobe observed in
the quiet sun network and internetwork. We have suc-
cessfully inverted them in terms of model atmospheres
featuring discontinuities in the parameters along the line
of sight. The scenario indicated by the inversions is sup-
ported by the results of 3D MHD simulation which also
show an abundance of blue-only and red-only Stokes V
profiles.
The main properties of these profiles can be summa-
rized as follows:
- The blue-only profiles are mainly located in the
outer part of the granules, therefore they are more
often related with upflows. They form patches as
large as 1′′ × 1′′ and their mean lifetime is slightly
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shorter than the granule lifetime.
- The red-only profiles are mainly located in the in-
tergranular lanes, therefore they are more often
related with downflows. They tend to form very
small structures, sometimes as small as a single
pixel, i.e., 0.15′′ × 0.16′′.
- The ratio of blue-only to red-only profiles drasti-
cally decreases from the center to the limb of the
solar disk. This variation can be traced back to a
strong reduction of the number of blue-only pro-
files. Such a reduction may be caused by the up-
ward shift of the τ = 1 level toward the limb,
which makes it difficult or even impossible to reach
the deep layers where these “granular” profiles are
formed.
- The area occupied by the single-lobed Stokes V
profiles on the solar surface is less than 2% (∼1%
of the area is occupied by blue-only profiles and
∼0.4% by red-only profiles).
- However, the fraction of blue-only and red-only
profiles, compared to the profiles that show clear
signal in Stokes V, are 4% and 1%, respectively.
- The single-lobed Stokes V profiles are located in
the surroundings of network patches, never inside
them. They are often located in places where there
are simultaneously both circular and linear polar-
ization signals, which suggests that they are associ-
ated with inclined fields, or that they occur because
of a sudden change in the direction of the magnetic
field.
- Both the blue-only and red-only profiles show weak
or modest circular polarization signals and weak
linear polarization signals.
- The evolution of the single-lobed Stokes V profiles
is related to the evolution of the granules and in-
tergranular lanes that host them.
- Inversion of the four Stokes profiles based on mod-
els featuring discontinuities along the LOS can re-
produce the observed single-lobed Stokes V pro-
files.
- Synthetic single-lobed profiles are observed in re-
alistic 3D numerical simulations. Several types of
stratifications can explain these profiles, but most
of them show discontinuities in at least one of the
parameters (usually the magnetic field strength or
the inclination) as was inferred from the inver-
sion. A large fraction of these stratifications show
a strong velocity gradient instead of a jump.
- The number of single-lobed profiles and the statis-
tics from the simulations are quiet similar to the
observations, but there exist small differences that
might be caused by missing physics (see Sec-
tion 11).
11. DISCUSSION AND CONCLUSIONS
The statistical and physical properties of the single-
lobed Stokes V profiles tell us that they cannot be ex-
plained as the superposition of opposite-polarity Stokes
V profiles or as unusual events on the solar surface. On
the contrary, they show clear features associated with
physical processes that could involve a sharp or drastic
change of the orientation and strength of the magnetic
field occurring mainly between the outer part of granules
and the adjacent intergranular lanes.
From the few temporal evolutions that we studied, the
blue-only profiles suggest a magnetic flux emergence pro-
cesses, with lifetime comparable to the granulation life-
time. Therefore, these patches first appear with weak po-
larization signal, then increase in size and strength. Fi-
nally, the blue-only patches disappear, but small Stokes
V signal remain in the region where the blue-only patches
were sited for roughly one minute. We do not detect lin-
ear polarization with this profiles At the end, the signal
in Stokes V disappears with the disappearance of the
granule, perhaps as result of a submergence process.
We used the SIRJUMP inversion code on this study af-
ter selecting suitable cases. This code can handle strong
variations of the vector magnetic field and velocity along
the line of sight, i.e., it can model a magnetopause or
slab structure in the pixel. In fact, both the inversion
and the numerical simulations indicate that single-lobed
profiles can be produced by discontinuities along the line
of sight. In the simulations a wide range of atmosphere
give rise to Stokes V profiles with only one lobe. How-
ever, most of them are related to emerging magnetic field
(blue-only) and disappearing or submerging magnetic
field (red-only). Therefore, the statistical comparison
between observations and simulations provides a tool to
determine both the magnetic field topology in the quiet
sun and its emerging and disappearing process in the lo-
cal granulation. The lifetime of the single-lobed Stokes
V profile must tell us the duration of the emergence and
the submergence, i.e., the duration of the fundamental
input and output processes of magnetic flux.
The absence of blue-only profiles near the limb might
be due to these small structures being located in the
lower-middle atmosphere while the red-only profiles
might be located more or less equally at different heights
or with some preference higher layers (this is supported
by what we observed in the inversions and in the forward
model).
As mentioned above, the simulation has a small dis-
crepancy with the observations in the statistics. This
discrepancy could be due to the following reasons:
- The vertical spatial resolution of the simulations is
not good enough.
- The spatial resolution of Hinode was not taken into
account.
- The amount of mean magnetic field, or the simpli-
fied initial magnetic configuration, may be off.
- It is probably necessary to input periodically a spe-
cific amount of new emerging magnetic flux in the
simulation. The input of new flux might require
a different type of magnetic field configuration in
the bottom boundary. Moreover, the duration of
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each patch with new flux should last as long as the
mean lifetime of the blue-only profiles (as shown in
Section 7).
Once the simulations have good grid resolution and the
synthetic profiles have been convolved with the spatial
and spectral PSF, then any remaining discrepancies be-
tween observations and simulations must tell us with
which frequency, where, and how long new and small
structures of magnetic field have to be injected. In order
to approach a realistic simulation of the convection zone
and photosphere of the quiet sun, the simulations must to
reproduce the statistic study presented here (Sections 4-
6).
We have focussed our attention on the quiet sun, but
plage, active regions, and ephemeral regions might be-
have differently. Thus, it is important to carry out simi-
lar studies in those structures for a better understanding
of their magnetic topology and evolution.
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APPENDIX
The first seven columns in Table 1 show parameters for all the observation runs. The spectral sampling was 21.5±0.1
mA˚ for all of them.
Figure 1 shows the spatial distribution of the studied observational runs: the data pool. In the plane XY is drawn
the solar disk (both axis are given in arcsec). The drawing pins locate the position of the selected 72 Hinode SOT/SP
observation run. The length of drawing pins represents the exposure time of the observation. In addition, we have
used different colors for each exposure time.
Fig. 1.— Distribution of the data pool on the solar disk. In the inner grey circle are 61% of the studied observation runs, that we have
called population I. They were observed with a wide range of exposure time. Out of this inner grey circle stays the population II. They
were mainly observed with long time exposure time.
We have selected 72 observation runs with different exposure time. 61% of the observations are located at 1.00 <
µ < 0.95, which are inside of the inner grey circle (see Figure 1). The observation runs inside the inner circle have a
wide range of exposure times (1.6, 4.8, 8.0 9.6 and 12.8 s). For understanding the possible influence of the projection
effect in the behavior of the single-lobed Stokes V profiles we have selected observations out of this centered region
of the solar disk and in the limb (even two observation scans started very off the limb but ended inside the solar
disk). Therefore, we can talk about two populations or sets in our data pool: one is inside the inner circle (with a low
influence of projection effect), hereafter called as population I, and the other is outside of this inner circle (with not
negligible projection effect), which is referred as population II.
Most of the scans were taken in quiet sun, both large area scans and temporal scans. We have also selected a few
temporal scans taken over a part of sunspot or pore, but always including the photospheric network in their field of
view. In addition, several scans close to the limb include points off the solar disk. These three kind of maps have been
indicated in the last column of Table 1 labeled SS, P and OL that stand for sunspot, pore and off the limb observations
respectively.
20 Sainz Dalda, A., Mart´ınez-Sykora, J., Bellot Rubio, L., Title, A.
TABLE 1 Data Pool. From left to right: date and time, spatial scales, position on the solar disk, exposure time and
signal to noise ratio, percentage of blue-only profiles, and red-only profiles, the rate between them, and a description
the observations: temporal scan (TS, with the strip width expressed in granules), large scan (LS), sunspot (SS), pore (P)
and off the limb (OL).
Date Time X scale Y scale ( X, Y) µ Exp. Time S/N B R B/R Desc.
(′′) (′′) (′′, ′′) (s) (%) (%)
2007.02.19 21:31 0.30 0.32 ( -4.3, 7.6) 1.000 1.6 1189 3.7 1.4 2.7 TS (1)
2007.02.24 02:28 0.30 0.32 ( 415.5, -70.3) 0.899 1.6 1148 1.6 0.8 2.0 TS (5)
2007.02.27 11:51 0.15 0.16 (-271.2, 18.7) 0.959 4.8 631 1.2 0.4 3.4 TS (5) & SS
2007.09.01 20:35 0.15 0.16 (-153.1, 922.9) 0.224 8.0 549 1.4 2.3 0.6 LS
2007.09.06 00:28 0.15 0.16 (-153.1, 922.8) 0.225 9.6 630 1.4 2.4 0.6 LS
2007.09.06 13:11 0.15 0.16 (-214.5, 7.0) 0.975 8.0 1146 3.5 1.8 1.9 LS
2007.09.06 15:55 0.15 0.16 ( -34.6, 7.0) 0.999 8.0 1150 3.6 1.8 1.9 LS
2007.09.07 11:44 0.15 0.16 ( 145.4, 6.8) 0.988 8.0 1138 3.4 1.8 1.8 LS
2007.09.07 15:04 0.15 0.16 ( 325.3, 6.8) 0.941 8.0 1110 2.9 1.8 1.6 LS
2007.09.09 07:05 0.15 0.16 ( 646.8, 7.2) 0.739 9.6 957 2.1 2.8 0.7 LS
2007.09.09 13:05 0.15 0.16 ( -79.0,-892.6) 0.359 9.6 868 1.9 2.9 0.7 LS
2007.09.10 01:15 0.15 0.16 (-153.1, 922.9) 0.225 9.6 634 1.4 2.5 0.5 LS
2007.09.10 08:00 0.15 0.16 ( -34.2, 6.8) 0.999 9.6 1275 3.6 1.8 2.0 LS
2007.09.11 06:10 0.15 0.16 (-935.5,-291.0) 0.000 12.8 950 1.7 2.9 0.6 LS
2007.09.11 14:06 0.15 0.16 (-153.1, 912.7) 0.266 9.6 682 1.4 2.5 0.5 TS (1)
2007.09.15 12:44 0.15 0.16 ( -92.0,-173.1) 0.979 9.6 14438 3.4 1.8 1.8 LS
2007.09.16 07:23 0.15 0.16 ( -21.8, 6.5) 1.000 4.8 873 3.6 1.5 2.4 TS (1)
2007.09.19 07:11 0.15 0.16 ( -16.6, 456.7) 0.879 3.2 685 3.4 1.3 2.7 TS (2)
2007.09.24 11:56 0.15 0.16 ( -6.9, 7.4) 1.000 1.6 544 3.6 0.9 4.0 TS (1)
2007.09.24 19:32 0.15 0.16 ( -15.8, 6.7) 1.000 12.8 1461 3.1 1.9 1.7 LS
2007.09.24 20:42 0.15 0.16 ( -5.1, 6.7) 1.000 12.8 1489 3.4 1.8 1.9 LS
1007.09.24 21:52 0.15 0.16 ( 5.7, 7.0) 1.000 12.8 1464 3.2 1.9 1.7 LS
2007.09.25 12:59 0.15 0.16 ( -26.3, 6.5) 1.000 1.6 547 4.5 1.3 3.5 TS (1)
2007.09.26 08:15 0.15 0.16 ( -7.7, 6.4) 1.000 1.6 531 3.6 1.1 3.4 TS (1)
2007.09.26 10:45 0.15 0.16 ( -4.9, 6.5) 1.000 1.6 547 2.9 0.9 3.3 TS (1)
2007.09.26 18:03 0.15 0.16 ( 835.6, 7.6) 0.492 12.8 768 1.5 2.5 0.6 LS
2007.09.27 01:01 0.15 0.16 (-1004., 7.5) 0.000 12.8 887 1.5 2.6 0.6 LS & OF
2007.09.28 07:00 0.15 0.16 ( -19.3, 6.4) 1.000 1.6 535 3.2 1.1 2.8 TS (1)
2007.09.29 06:51 0.15 0.16 ( -20.7, 6.4) 1.000 1.6 539 4.2 1.3 3.1 TS (1)
2007.10.01 08:21 0.15 0.16 ( -6.6, 7.3) 1.000 1.6 535 4.2 1.3 3.2 TS (1)
2007.10.04 10:41 0.30 0.32 ( -16.1, 6.5) 1.000 1.6 1169 4.0 1.4 2.9 TS (10)
2007.10.05 08:05 0.30 0.32 ( -17.6, 6.5) 1.000 1.6 1139 4.1 1.2 3.4 TS (10)
2007.10.05 11:23 0.30 0.32 ( -15.4, 6.3) 1.000 1.6 1167 4.3 1.9 2.3 TS (10)
2007.10.18 19:11 0.30 0.32 ( 434.5,-221.7) 0.861 1.6 1085 3.3 1.7 1.9 TS (8)
2007.10.23 05:28 0.30 0.32 (-121.9,-250.4) 0.957 1.6 1141 3.7 1.5 2.4 TS (8)
2007.10.24 01:04 0.30 0.32 ( 58.3,-249.5) 0.964 1.6 1147 3.3 1.2 2.8 TS (8) & P
2007.10.25 00:02 0.30 0.32 ( 546.6,-342.5) 0.741 1.6 1066 3.6 1.8 1.4 TS (8)
2007.10.26 03:51 0.30 0.32 ( -34.6, 6.3) 0.999 1.6 1158 4.5 1.4 3.1 TS (8)
2007.10.26 19:50 0.30 0.32 ( -53.3, 6.0) 0.998 1.6 1138 4.1 1.4 3.0 TS (8)
2007.10.27 02:12 0.15 0.16 ( 743.1, 5.1) 0.633 1.6 484 2.7 1.8 1.5 TS (2)
2007.10.29 16:09 0.15 0.16 ( -25.5, 6.3) 1.000 1.6 539 4.3 1.2 3.7 TS (2)
2007.10.29 17:54 0.15 0.16 ( -9.1, 6.4) 1.000 1.6 543 4.8 1.2 3.9 TS (2)
2007.10.29 19:31 0.15 0.16 ( 6.1, 6.4) 1.000 1.6 545 3.5 1.1 3.2 TS (2)
2007.10.29 21:08 0.15 0.16 ( 21.3, 6.6) 1.000 1.6 545 4.0 0.9 4.6 TS (2)
2008.07.22 14:05 0.30 0.32 ( -22.1, 7.5) 1.000 1.6 1135 4.2 1.5 2.7 TS (2)
2008.07.24 15:01 0.30 0.32 ( -13.6, 7.8) 1.000 1.6 1136 4.4 1.8 2.5 TS (2)
2008.07.28 14:13 0.30 0.32 ( -20.9, 7.6) 1.000 1.6 1136 3.6 1.5 2.4 TS (2)
2008.07.28 15:52 0.30 0.32 ( -6.3, 7.6) 1.000 1.6 1134 3.5 1.2 2.8 TS (2)
2008.07.30 14:22 0.30 0.32 ( 65.9, -54.0) 0.996 1.6 1135 3.1 0.9 3.4 TS (2)
2008.07.31 14:25 0.30 0.32 ( -8.1, 867.5) 0.428 1.6 886 1.9 3.0 0.6 TS (2)
2008.07.31 16:20 0.30 0.32 ( -8.1, 867.4) 0.428 1.6 884 1.9 3.3 0.6 TS (2)
2008.12.22 00:00 0.15 0.16 ( -79.3, -2.1) 0.997 4.8 843 3.1 1.1 2.8 TS (5)
2008.12.23 00:00 0.15 0.16 ( 148.1, -0.1) 0.988 4.8 837 3.5 1.6 2.2 TS (5)
2008.12.25 11:00 0.30 0.32 (-241.2, 67.5) 0.965 1.6 744 4.1 1.5 2.8 LS
2008.12.25 12:00 0.30 0.32 (-231.9, 67.6) 0.968 1.6 752 4.2 1.2 3.4 LS
2008.12.25 13:00 0.30 0.32 (-222.6, 67.8) 0.970 1.6 753 4.1 1.2 3.3 LS
2008.12.25 14:00 0.30 0.32 (-213.2, 67.8) 0.972 1.6 755 3.9 1.3 3.0 LS
2008.12.25 15:00 0.30 0.32 (-203.9, 67.7) 0.975 1.6 751 3.7 1.4 2.7 LS
2008.12.25 16:00 0.30 0.32 (-194.5, 68.2) 0.977 1.6 751 3.9 1.2 3.2 LS
2008.12.25 17:00 0.30 0.32 (-185.1, 68.3) 0.979 1.6 753 3.9 1.5 2.6 LS
2008.12.25 21:01 0.30 0.32 (-147.1, 68.9) 0.986 1.6 749 4.2 1.6 2.7 LS
2008.12.25 22:01 0.30 0.32 (-166.2, 69.0) 0.982 1.6 713 4.2 1.4 3.0 LS
2009.05.28 10:13 0.30 0.32 ( 234.0,-516.5) 0.807 1.6 1044 2.0 1.1 1.9 TS (5)
2009.05.29 09:11 0.30 0.32 ( 382.8,-519.0) 0.741 1.6 1010 2.3 1.9 1.2 TS (5)
2009.05.31 08:47 0.30 0.32 (-650.7, 393.6) 0.610 1.6 929 1.8 2.1 0.9 TS (5)
2009.06.01 09:25 0.30 0.32 (-520.9, 394.4) 0.733 1.6 939 0.7 0.4 1.7 TS (8) & SS
2009.06.02 10:03 0.30 0.32 (-331.0, 393.9) 0.844 1.6 838 0.7 0.6 1.2 TS (8) & SS
2009.06.03 07:54 0.30 0.32 (-165.1, 432.6) 0.876 1.6 990 1.4 1.2 1.2 TS (5) & P
2009.06.03 09:01 0.30 0.32 (-155.9, 432.6) 0.878 1.6 964 1.4 1.3 1.0 TS (5)
2009.06.05 08:39 0.30 0.32 ( 220.0, 428.7) 0.865 1.6 1055 1.9 1.4 1.4 TS (5)
2009.06.06 09:16 0.30 0.32 ( 402.9, 370.6) 0.821 1.6 1040 1.3 0.7 1.7 TS (8)
2009.06.07 08:16 0.30 0.32 ( 560.4, 368.9) 0.715 1.6 950 1.5 1.5 1.0 TS (8)
Continued on Next Page. . .
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TABLE 1 – Continued
Date Time X scale Y scale ( X, Y) µ Exp. Time S/N B R B/R Desc.
(′′) (′′) (′′, ′′) (s) (%) (%)
2009.06.07 09:54 0.30 0.32 ( 570.7, 368.8) 0.706 1.6 993 1.4 1.6 0.9 TS (8)
